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Abstract 
The safety data sheet (SDS), formerly known in the United States as the material safety data sheet (MSDS), contains important 
information for the safe handling of chemicals.  This manuscript will cover the use of safety data sheets for process design and safe 
handling of chemicals.  Three main categories (flammability, physical properties, and toxicity) listed in a SDS will be explained.  Within 
each category, examples will be presented on how the specific information can be used in the design of safe chemical operations.  Further, 
within the United States, the Department of Occupational Safety and Health Administration (OSHA) revised their hazard communication 
standard in March of 2012.  Specifically, the standard has been aligned with the United Nations’ Globally Harmonized System of 
Classification and Labelling of Chemicals (GHS).  Changes include requirements for use of standardized signal words, pictograms, hazard 
statements, and precautionary statements.  The presentation will review examples of these important changes, and relating these to the 
GHS for safe use of chemicals within the workplace worldwide. 
 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Beijing Institute of 
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1. Introduction – The safety data sheet and global harmonization 
1.1. Background about the safety data sheet (SDS) 
It is natural, species set up warning systems for hazards.  It is a necessity for survival.  Even in prehistoric eras, mankind 
has had warning systems using cave drawings about various sightings of wild animals.  Needless to say, this natural need 
extends to the transmission of chemical hazards. The following material is extracted from a paper presented on the subject 
about the MSDS by Kaplan [1]:  
The earliest written material has been found in the tombs of the Egyptians, either on the walls of their tombs 
or on papyrus records.  These date back over 4,000 years and include the prescriptions of Imhotep, the first 
great Egyptian physician.  This data while basically a pharmaceutical description of the materials used in the 
treatment of the various diseases prevalent also included the sources, names, preparation, storage and 
application procedures, as well as warnings against improper use and application  
The first recordable, physical copy of a material data safety sheet (MSDS)†, appeared in 1906 from Valentine and 
Company, a paint and varnish manufacturer based in Boston, MA [2].  As important as it is to keep hazard communications 
available, the regulatory requirement in the United States to keep safety data sheets available within the workplace was not 
established until passage of the Longshoreman’s and Harbor Worker’s Act in 1958 and administered by Department of 
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Labor (DOL).  The requirement only applied to firms operating at U.S.A. ports of commerce.  The requirement to keep 
safety data sheets for any chemical used within all U.S. commercial and industrial firms occurred in 1970 with the 
establishment Occupational Safety and Health Agency (OSHA).   
Unfortunately, safety data sheets are frequently only in place because of compliance – the need to meet a regulations 
versus the primary need to inform as well as protect the health and welfare of individuals.  This article addresses a few key 
concepts available in the safety data sheet to the safety engineer. 
1.2. Global harmonization 
In 2003 the United Nations published guidelines related to the Globally Harmonized System of Classification and 
Labelling of Chemicals (GHS) of chemicals throughout the world.  The opening paragraphs summarize the goals of the 
initiative of GHS [3].  
1.1.1.1 The use of chemical products to enhance and improve life is a widespread practice worldwide.  But 
alongside the benefits of these products, there is also the potential for adverse effects to people or the 
environment.  As a result, a number of countries or organizations have developed laws or regulations over the 
years that require information to be prepared and transmitted to those using chemicals, through labels or Safety 
Data Sheets (SDS).  Given the large number of chemical products available, individual regulation of all of them 
is simply not possible for any entity.  Provision of information gives those using chemicals the identities and 
hazards of these chemicals, and allows the appropriate protective measures to be implemented in the local use 
settings.  
1.1.1.2 While these existing laws or regulations are similar in many respects, their differences are significant 
enough to result in different labels or SDS for the same product in different countries.  Through variations in 
definitions of hazards, a chemical may be considered flammable in one country, but not another.  Or it may be 
considered to cause cancer in one country, but not another.  Decisions on when or how to  communicate hazards 
on a label or SDS thus vary around the world, and companies wishing to be involved  in international trade must 
have large staffs of  experts who can follow the changes in these laws and  regulations and prepare different 
labels and SDS.  In addition, given the complexity of developing and maintaining a comprehensive system for 
classifying and labelling chemicals, many countries have no system at all.   
1.1.1.3 Given the reality of the extensive global trade in chemicals, and the need to develop national 
programs to ensure their safe use, transport, and disposal, it was recognised that an internationally harmonized 
approach to classification and labelling would provide the foundation for such programs.  Once countries have 
consistent and appropriate information on the chemicals they import or produce in their own countries, the 
infrastructure to control chemical exposures and protect people and the environment can be established in a 
comprehensive manner.   
1.3. Major hazards considered and defined 
The GHS defines many hazards.  There are two main categories: physical hazards, and health & environmental hazards.  
The physical hazards are related to damages that can occur due to heat, over-pressurization, or radiation exposure.  Physical 
hazards include explosives, flammables, oxidizers, gases under pressure, self-reactive substances, pyrophoric substances, 
and corrosives. The other category is health & environmental hazards.  These hazards deal with damage to a physical body 
because of contact or chemical reaction.  These include acute toxicity, skin irritation, eye damage, respiratory or skin 
sensitization, germ cell mutagenicity, carcinogenicity, reproductive toxicity, and hazards to aquatic life. A brief list of 
generally definitions follows: 
Flammable gas means a gas having a flammable range with air at 20°C and a standard pressure of 101.3 kPa;  
Flammable liquid means a liquid having a flash point of not more than 93°C;  
Flammable solid means a solid which is readily combustible, or may cause or contribute to fire through friction;  
Flash point means the lowest temperature (corrected to a standard pressure of 101.3 kPa) at which the application of an 
ignition source causes the vapors of a liquid to ignite under specified test conditions; 
LC50 (50% lethal concentration) means the concentration of a chemical in air or of a chemical in water which causes the 
death of 50% (one half) of a group of test animals;  
LD50 means the amount of a chemical, given all at once, which causes the death of 50% (one half) of a group of test 
animals; 
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Liquefied gas means a gas which when packaged under pressure, is partially liquid at temperatures above -50°C.  A 
distinction is made between: (i) High pressure liquefied gas: a gas with a critical temperature between -50°C and +65°C; 
and  (ii) Low pressure liquefied gas: a gas with a critical temperature above +65°C;  
Liquid means a substance or mixture which at 50°C has a vapor pressure of not more than 300 kPa (3 bar),  which is not 
completely gaseous at 20°C and at a standard pressure of 101.3 kPa, and which has a melting  point or initial melting point 
of 20°C or less at a standard pressure of 101.3 kPa.   
Pictogram means a graphical composition that may include a symbol plus other graphic elements, such as a border, 
background pattern or color that is intended to convey specific information; 
Self-Accelerating Decomposition Temperature (SADT) means the lowest temperature at which self-accelerating 
decomposition may occur with substance as packaged; 
Also used in the listing of definitions are the adjectives of oxidizing (chemical that may provide oxygen, chlorine, or 
fluorine and promotes combustion) or pyrophoric (liable of igniting within five minutes after coming into contact with air) 
before the words “gas,” “liquid,” or “solid.” 
2. Example: A safety data sheet for hexane 
Recently, I requested a number of friends and graduate students to send me the safety data sheet in their native language 
for the chemical hexane.  Interestingly, internationally, safety data sheets have very similar section labeling.  The opening 
information for safety data sheets in American English, Chinese, Korean, and Persian is provided in Fig. 1 a-d [4-7]. 
Provided in Appendix is a full seven page safety data sheet for n-hexane in American English [8].  The eventual goal of the 
GHS is to have uniformity of these sheets internationally in all languages.  The example shown in the Appendix has 16 
major sections.  According to the GHS, eventually all safety data sheets, worldwide, in any language will have the same 16 
major sections.  Although all sections contain important information, this manuscript concentrates on three sections useful 
for hazard analysis.  The sections are: Section 5, Fire Fighting Measures; Section 9, Physical and Chemical Properties; and 
Section 11, Toxicological Information.    
 
Fig. 1 a. SDS for Hexane in American 
Fig. 1 b. SDS for Hexane in Chinese 
Fig. 1 c. SDS for Hexane in Korean
Fig. 1 d. SDS for Hexane in Persian
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 3. Examples of uses of safety data sheets in design and practice:  
In May of 2012 I received an assignment related to the design and hazards analysis of a solvent delivery room for a 
biotechnology company.  One of the solvents involved in this assignment was n-hexane.  Provided below are a few key 
steps that I took in my initial hazard analysis related to the specifications and design of the solvent delivery room. 
3.1. The design task 
Task: To be able to receive, and store, n-hexane in a safe manner.  When required, to be able to deliver hexane to another 
point within the building at a rate up to 4 liters per minute up to 30 minute intervals in a safe manner. 
3.2. Section 2: Hazard identification 
A review of the safety data sheet shown in the Appendix, Section 2, immediately tells the reader about the hazards 
involved:   
Danger! Extremely flammable liquid and vapor flammable.  Vapor may cause flash fire.  May cause respiratory tract, eye, 
and skin irritation.  May cause target organ damage, based on animal.   
3.3. Section 5: Fire fighting information 
This section contains parameters related to understanding the nature of the flammable being handled.  Four key 
parameters are listed: The auto ignition temperature (A I T) at 225°C, the flashpoint at -23.15°C (closed cup), lower 
flammable limits (LFL) at 1.7%, and upper flammable limits (UFL) at 7.7%.  
The autoignition temperature of hexane, 225°C, is relatively low.  This parameter is the temperature in which automatic 
ignition of hexane vapor in air into a fire will occur if the hexane vapor contacts a surface at this temperature or higher.  The
hexane vapor must be within the flammable limits which are listed as 1.7% to 7.7% by volume in air.  If the surrounding gas 
is different from the air, such as nitrogen, these flammable limits change.  For example if nitrogen is used as a purge‡ gas 
over any storage tank, a flammable mixture does not exist and the material hexane will not ignite.  On the other hand, if an 
oxygen enriched environment is used, the upper flammable limit expands, and can reach 50 to 70% by volume in oxygen 
rich environments.  Part of the design specifications is to consider practicality of using a nitrogen purge above the hexane 
inside any storage tank.  If feasible, this lowers considerably the risk of an unexpected fire within the room.  The trade-off is
the complexity of adding a nitrogen purge system into the room. 
Looking even more closely at the flammable limits, one has to understand that this is the composition by volume (or by 
moles per mole of air) of vapor within the room.  As long as there is no surface above the autoignition temperature of 225°C, 
the condition for ignition depends upon a spark.  This spark can be generated from light switches, motor brushes, and from 
accumulation of static charge by the flowing hexane.  Thus, explosion proof electricals meeting the NFPA (National Fire 
Protection Association) 70 National Electrical Code (NEC) will need to be specified throughout the room [9].  This includes 
explosion proof motors, and explosion proof on-off switches.  In the United States the applicable characterization of the 
electricals for n-hexane are Class I, Division 2, Group D [10].  Further, calculations are needed to determine if the flowing 
hexane is under the right conditions to accumulate enough static charge as it collects into any receptor such that the voltage 
potential between the liquid being stored and a conductor exceeds some threshold value.  A rough rule of thumb is that the 
accumulated energy in the capacitor formed by the tank of fluid cannot exceed 0.1 mJ.  Methods to calculate charge buildup 
are presented in the textbook by Crowl and Louvar [11].   
Further information provided in Section 5 is the proposed methods of firefighting.  Dry chemical, foam-water spray, or 
CO2 are the preferred firefighting methods. Water from overhead sprinklers can also be used.  The drawback with water 
from a wet sprinkler system is the flooding that can be caused, and the potential for transfer of solvent into other portions of
the building (hexane is immiscible with water and will float on the water).  In this case the design recommendation will be 
for a foam-water spray or a dedicated CO2 system with overhead fire sprinklers as a final line of defense. 
Another parameter mentioned in this section is the flashpoint of -23.15°C. Anything below 20°C is extremely flammable 
at room conditions.  Closed cup mandates that this test be done in which liquid hexane is confined inside a chamber and an 
ignition source brought in contact with its vapor that exists above the liquid within the closed cup.  It is the most 
‡ Argon and carbon dioxide are also gases that can be used for purging vessels containing flammable mixtures.  Nitrogen is most commonly used 
because of its availability through on-site membrane separation units. 
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conservative of the flashpoint tests.  Essentially, this number says that if the room temperature was brought below -23.15°C, 
no ignition of hexane vapor in air is possible.  For anyone who has lived in the artic climate, they can relate to this 
parameter from the difficulty of starting either a diesel or gasoline engine in these cold conditions. 
3.4. Section 9: Physical and chemical properties 
Section 9 contains significant information that the safety engineer can used in hazard analysis.  In this particular case, the 
molecular weight is present (86.2 g per mole) and the molecular formula is presented.  The boiling temperature is 68.9°C 
and the freezing point is -139.4°C.  All of these assist in understanding the hazards of handling hexane.  For example there 
is very little concern that at ambient temperature that hexane will freeze into a solid.  On the other hand, hexane boils at 
68.9°C.  This is a concern.  Transfer through lines must be free of friction and heat sources, so that the liquid does not heat
up beyond its boiling point unexpectedly.  If the tubing provided for the transfer of hexane has a pressure rating that is too 
low, and the temperature exceeds 68.9°C, a potential line burst can occur due to over-pressurization caused by vaporization.  
Thus, relief systems must be added to storage tanks and supply lines.  Proper addition of relief systems helps minimizes the 
risk of an explosion. 
Another parameter in this section that is very important in terms of hazard analysis is the specific gravity of hexane 
liquid relative to water.  Hexane’s liquid specific gravity is 0.66.  Further, hexane is immiscible in water.  Should a spill 
occur, liquid hexane will flow to the lowest points, and if those lowest points include room floor drains, hexane will flow 
into the drainage system of the building.  Because hexane is lighter than water, it will float on the water layer.  This then 
brings flammable hexane into the drainage system of the building and leads to a potential for a strong explosion that can 
destroy the building.  Thus, the room design needs to include secondary containment collection bins below any portions of 
the process holding hexane.   
The vapor density parameter of 3.0 is relative to air.  Hexane is three times denser than air.  This number is extremely 
helpful in understanding a potential hazardous situation.  Should hexane escape into the surrounding room, it will initially 
sink.  It is heavier than air.  This implies that the appropriate place for flammable vapor detectors are in lower points of the
room versus higher elevations.  Typically, flammable vapor detectors are set at some fraction of the LFL covered in Section 
5.  For hexane the LFL is 1.7%; therefore, a flammable vapor detector should be set at a value of 0.17% (1/10th of the 
flammable limit). 
Another use of the vapor density is in the estimate of the liquid quantity, which if spilled, creates a flammable mixture.  
Let’s begin with a room that is 6 meters long, 6 meters wide, and 3 meters high (108 m3).  The lower flammability limit of 
hexane is 1.7%.  If 108 m3 times 1.7% or 1.8 m3 of hexane vapor enters the room, then, flammable condition can exists 
within the room.  How much hexane is this? At 20°C, the density of air is 1.2 kg/m3. Multiplying this by three gives a 
hexane vapor density of 3.6 kg/m3.  Thus, if 3.6 kg/m3 times 1.8 m3 or 6.5 kg of hexane spills within the room, there is a 
potential for a fire or explosion.  Using the specific gravity number for the liquid (0.66), this is equivalent to about 10 L of
hexane spilled. 
3.5. Section 11 Toxocological information 
Section 11 presents toxicological information for the chemical.  Two main parameters are provided.  These are LD50 and 
LC50 for species which are typically rats.  LD50 provide estimations as to the dose if hexane is ingested that would kill 50% 
of the population at the dose rate provided.  For example, hexane has a LD50 of 25 g/kg for rats (dose per mass).  If 100 rats, 
average mass of 0.25 kg (1/4th of a kg), each ingested 7.5 g of hexane in one dose (1/4th of the LD50 on a per kg basis), 50 
of the rats would die within a few days.  Likewise, quantities are provided for exposure to hexane vapor.  In this case, the 
parameter is called LC50 (lethal concentration 50% of the population dies).  If 100 rats inhale air that contains 96,000 ppm, 
or 9.6%, hexane, for one hour, 50 rats would die.  The last parameter in this Section is the IDLH or the Immediately 
Dangerous to Life or Health.  It is listed at 1,100 parts per million.  This parameter is related to workers who may be in an 
environment containing hexane vapor.  If the concentration within that environment exceeds 1,100 ppm, then these workers 
are at a risk that will affect either their life or health.  In this case, the immediate hazard is related to fire and explosion. 
1,100 ppm is related to the flammability limits, and is approximate 1/10th of the flammable limit of 1.7%. 
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Fig 2. A universal transportation placard to be placed on trucks and drums containing flammable liquids such as hexane (sign background color is red) 
4.  Additional information provided by the SDS 
A few other items helpful in hazard analysis and engineering include the CAS (Chemical Abstract Service) number (110-
54-3).  This number can be used to search for work and accidents related to hexane.  For example, the CAS number can be 
entered into a search engine along with a physical property desired, and shorten the time to find a property such as viscosity 
(0.31 mPa•s).   
Another Section, 14, provides transportation information.  In this example, shown in Fig. 2 above, is the proposed 
international sign placed on trucks transporting hexane.  It is red in color and is positioned as a diamond.  The term 
“flammable liquid” will generally be in the native language of the country.  For example, in Spanish “líquido inflammable” 
will be under the flame symbol.   
Additionally, four universal pictograms appear in an n-hexane safety data sheet and are shown in Fig. 3 [4].  The latest 
OSHA announcement on Hazard Communication states this background about pictograms [12]. 
A pictogram is a graphical composition that may include a symbol along with other graphical elements, such 
as a border or background color. A pictogram is a communication tool and is intended to convey specific 
information. The proposed rule included requirements for use of eight different pictograms. Each of these 
pictograms consists of a different symbol in black on a white background within a red square frame set on a 
point (i.e., a red diamond). The specific pictograms on a label were to be determined based on the hazard 
classification of the substance in question. OSHA has found ample evidence to support the requirement for 
pictograms. 
The long term requirement of GHS is to use pictograms as a means of rapidly communicating the hazards associated with 
a chemical.  As shown in Figure 3, the first pictogram on the left represents that n-hexane is at least one of the following: 
flammables, self-reactive, pyrophoric, self-heating, emits flammable gas, or an organic peroxide.  In this case n-hexane is a 
flammable. The second pictogram from the left represents a material that is at least one of the following: carcinogen, 
respiratory sensitizer, reproductive toxicity, target organ toxicity, mutagenicity, or aspiration toxicity.  In the case of n-
hexane may cause respiratory irritation.  The third pictogram from the left represents a material that is at least one of the 
following: irritant, dermal sensitizer, acute toxicity (harmful), narcotic effects, respiratory tract, or irritation.  N-hexane
causes skin irritation and can be toxic if swallowed.  The fourth pictogram from the left represents that n-hexane is toxic to 
aquatic life with long lasting effects 
Fig. 3  GHS pictogram symbols for n-hexane.  See text above for the meaning of each one. 
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5. Conclusions 
This paper provides an example of how to use a safety data sheet (SDS) for initial hazard analysis in the use and storage 
of chemicals.  It covered three main sections: flammability, physical properties, and toxicology.  The paper demonstrates 
how to take parameters presented for flammability, physical properties, and toxicology into consideration of a room design 
for safe handling of n-hexane. 
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